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POST-OBJ EC TIVE SCANNING BEAM 
SYSTEMS 

[0001] This PCT application claims the bene?ts of US. 
provisional application No. 60/910,644 entitled “POST-OB 
JECTIVE SCANNING BEAM SYSTEMS” and ?led onApr. 
6, 2007, and US. patent application Ser. No. 11/742,014 
entitled “POST-OBJECTIVE SCANNING BEAM SYS 
TEMS” and ?led on Apr. 30, 2007, the entire disclosures of 
Which are incorporated by reference as part of the speci?ca 
tion of this application. 

BACKGROUND 

[0002] This application relates to scanning-beam systems 
for producing optical patterns in various applications. 
[0003] Scanning beam systems can be used to project one 
or more scanned beams on a surface to produce optical pat 
terns. Many laser printing systems use a scanning laser beam 
to print on a printing surface of a printing medium (e.g., 
paper). Some display systems use 2-dimensionally scanned 
light to produce images on a screen. 
[0004] As an example, many display systems such as laser 
display systems use a polygon scanner With multiple re?ec 
tive facets to provide horizontal scanning and a vertical scan 
ning mirror such as a galvo-driven mirror to provide vertical 
scanning. In operation, one facet of the polygon scanner scans 
one horizontal line as the polygon scanner spins to change the 
orientation and position of the facet and the next facet scans 
the next horizontal line. The horizontal scanning and the 
vertical scanning are synchronized to each other to project 
images on the screen. 

[0005] Some scanning-beam systems such as scanning 
beam display systems use a pre-objective optical design 
Where a scan lens is placed in the optical path doWnstream 
from the polygon scanner and the vertical scanner to focus a 
scanning beam onto a target surface, e.g., a screen. Because 
the scan lens is positioned doWnstream from the polygon 
scanner and the vertical scanner, the beam entering the scan 
lens is scanned along the vertical and horizontal directions. 
Therefore, the scan lens is designed to focus the 2-dimension 
ally scanned beam onto the target surface. 

SUMMARY 

[0006] The speci?cation of this application describes, 
among others, scanning beam systems, apparatus and tech 
niques in optical post-obj ective designs With tWo beam scan 
ners for display and other applications. 
[0007] In one implementation, a scanning beam system 
includes a light source operable to produce a beam of light; a 
?rst beam scanner to scan the beam of light along a ?rst 
direction; a second beam scanner to scan the beam of light 
received from the ?rst beam scanner along a second direction 
different from the ?rst direction; and a scan lens placed in an 
optical path of the beam of light betWeen the ?rst and the 
second beam scanners to direct the beam of light from the ?rst 
beam scanner along a line on the second beam scanner and to 
focus the beam of light onto a surface aWay from the second 
beam scanner. The system may include a beam focusing 
element placed in an optical path of the beam of light to adjust 
a focus of the beam of light; and an actuator coupled to the 
beam focusing element to adjust a position of the beam focus 
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ing element, in response to a control signal, to adjust the focus 
in synchronization With scanning of the second beam scanner. 
[0008] In another implementation, a scanning beam system 
includes an optical module operable to produce a scanning 
beam of excitation light having optical pulses that can be used 
to carry image information; and a ?uorescent screen Which 
absorbs the excitation light and emits visible ?uorescent light 
to produce images carried by the scanning beam. The optical 
module includes a light source to produce the beam of exci 
tation light; a horizontal polygon scanner to scan the beam of 
excitation light along a ?rst direction; a vertical scanner to 
scan the beam of excitation light from the polygon along a 
second direction different from the ?rst direction; and a 1-di 
mensional scan lens placed betWeen the polygon scanner and 
the vertical scanner to direct the beam of excitation light from 
the polygon scanner along a line on the vertical scanner and to 
focus the beam of excitation light onto the screen. 
[0009] In another implementation, a scanning beam system 
includes a light source to produce a beam of light having 
optical pulses that carry image information; a horizontal 
polygon scanner to scan the beam along a ?rst direction at a 
?rst scanning rate; a vertical scanner to scan the beam from 
the polygon along a second direction different from the ?rst 
direction at a second scanning rate less than the ?rst scanning 
rate; a 1-dimension scan lens placed betWeen the polygon 
scanner and the vertical scanner to direct the beam from the 
polygon scanner along a line on the vertical scanner and to 
focus the beam onto a reference surface; a beam focusing 
element placed betWeen the light source and the horizontal 
polygon scanner to adjust a focus of the beam on the reference 
surface; and an actuator coupled to the beam focusing ele 
ment to adjust a position of the beam focusing element, in 
response to a control signal, to adjust the focus in synchroni 
zation With a scanning position of the vertical scanner. 
[0010] In yet another implementation, a method for scan 
ning a beam along tWo directions on a target surface includes 
scanning the beam With a ?rst scanner to scan the beam along 
a ?rst direction at a ?rst scanning rate; directing the beam out 
of the ?rst scanner into a second scanner to scan the beam 
along a second direction different from the ?rst direction at a 
second scanning rate less than the ?rst scanning rate; using a 
1-dimension scan lens placed betWeen the ?rst and the second 
scanners to focus the beam onto the target surface; and con 
trolling a focus of the beam in synchronization With a scan 
ning position of the second scanner to control focusing of the 
beam on the target surface. 
[0011] These and other implementations are described in 
detail in the draWings, the detailed description and the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1 shoWs an example implementation of a post 
objective scanning system. 
[0013] FIGS. 2A and 2B shoW tWo examples of a laser 
source for modulating information onto a scanning beam in 
the system of FIG. 1. 
[0014] FIG. 3A illustrates an example of a ?uorescent 
screen having color phosphor stripes that can be used in a 
post-objective scanning beam display system. 
[0015] FIG. 3B shoWs an exemplary design of the screen in 
FIG. 3A. 
[0016] FIG. 3C shoWs the operation of the screen in a vieW 
along the direction perpendicular to the surface of the screen 
in FIG. 3A. 
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[0017] FIG. 4 shows another exemplary design of the 
screen in FIG. 3A. 
[0018] FIG. 5 shoWs an example of a post-objective scan 
ning beam display system based on the system design in FIG. 
1. 
[0019] FIGS. 6A, 6B and 6C illustrate a speci?c example of 
the post-objective design of the beam scanning module in 
FIG. 5. 
[0020] FIGS. 7, 8 and 9 shoW various image effects on the 
screen of a post-objective scanning system. 
[0021] FIG. 10 shoWs an example of a post-objective scan 
ning display based on a folded optical rear projection design. 
[0022] FIGS. 11-13 shoW examples of the vertical scanner 
for post-objective scanning systems. 
[0023] FIGS. 14, 15 and 16 illustrate examples associated 
With a different post-objective scanning system. 

DETAILED DESCRIPTION 

[0024] Examples of post-objective scanning-beam systems 
described in this application use a vertical scanner With an 
optical re?ector and a spinning horizontal polygon scanner 
With re?ective facets to provide the 2-dimensional scanning 
of one or more scanning beams onto a target screen. A beam 
can be ?rst directed to a ?rst scanner of the vertical scanner 
and the polygon scanner to scan along a ?rst direction and 
then directed through a scan lens located betWeen the vertical 
scanner and the polygon scanner. After exiting the scan lens, 
the beam is scanned along the ?rst direction and is directed to 
the second scanner of the vertical scanner and the polygon 
scanner to scan along a second, different direction (e.g., 
orthogonal to the ?rst direction). The output of the second 
scanner is a scanning beam that is scanned along both the ?rst 
and the second directions. 
[0025] FIG. 1 shoWs an example implementation of a post 
objective scanning system. A laser source 110 is provided to 
produce at least one laser beam 112. Depending on the spe 
ci?c applications, this single beam can be a beam of a par 
ticular Wavelength, e.g., a visible color, UV light or other 
Wavelengths. In some applications, multiple beams 112 may 
be generated from the laser source 110 and are scanned. The 
different beams 112 may be of different Wavelengths, e.g., 
red, green and blue colors in the visible range, or of the same 
or similar Wavelengths, e.g., UV light. In this example, the 
?rst scanner of the tWo scanners is a polygon scanner 140. The 
beam 112 is scanned along the ?rst direction (e.g., the hori 
zontal direction) by the polygon scanner 140 as a l-D scan 
ning beam 114. The second scanner doWnstream from the 
polygon scanner 140 is a vertical scanner 150, e.g., a galvo 
mirror constructed by engaging a mirror to a galvanometer 
and operates to scan the horizontally scanning beam 114 
along the vertical direction as a 2-D scanning beam 116 to a 
target surface 101, e.g., a screen. A scan lens 120 is placed 
betWeen the tWo scanners 140 and 150. 

[0026] In this post-objective design, the scan lens 120 can 
be structured to have high optical performance in focusing the 
l-D scanning beam 114 along the scanning direction of the 
?rst scanner 140 only. Hence, such a scan lens does need to 
exhibit high optical performance along the second scanning 
direction (i.e., the vertical direction in this example) because 
the beam 114 is not scanned along the second scanning direc 
tion at the position of the scan lens 120. Therefore, the scan 
lens 120 can be a l-D scan lens, e.g., a l-D f theta lens. 
High-cost and complex 2-D lenses can be avoided in imple 
menting the system of FIG. 1. Due to the design of the scan 
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lens 120, the focusing of the beam 116 on the target surface 
101 does not change With the horizontal scanning. 
[0027] In another aspect, the vertical scanner 150 in FIG. 1 
scans at a much smaller rate as the second scanner than the 
scan rate of the ?rst horizontal scanner 140 and thus a focus 
ing variation caused by the vertical scanning on the target 
surface 101 varies With time at the sloWer vertical scanning 
rate. This alloWs a focusing adjustment mechanism to be 
implemented in the system of FIG. 1 With the loWer limit of a 
response speed at the sloWer vertical scanning rate rather than 
the high horizontal scanning rate. In practical devices, this 
particular arrangement of tWo scanners 140 and 150 alloWs 
easy implementation of the dynamic focusing adjustment to 
maintain the proper focusing of the 2-D scanning beam on the 
target surface as the vertical scanner 150 scans along the 
vertical direction. 
[0028] The target surface 101 in FIG. 1 is a surface of a 
target device 102. The device 102 can be in various forms 
depending on the applications of the system in FIG. 1. For 
example, in display applications, the target device 102 can be 
a screen on Which images carried by the scanning beam 116 
are displayed in a Way visible to a vieWer. The beam 112 
incident to the ?rst scanner 140 is optically modulated to 
carry the images to be displayed on the screen 102. 
[0029] FIGS. 2A and 2B shoW tWo optical modulation 
designs that can be used to modulate the beam 112 to carry 
images or other information. In FIG. 2A, a laser 210 such as 
a diode laser is directly modulated to produce a modulated 
beam 112 that carries the image signals, e.g., color image data 
in red, green and blue. The laser source 110 in this implemen 
tation includes a signal modulation controller 220 Which 
modulates the laser 210 directly. For example, the signal 
modulation controller 220 can control the driving current of a 
laser diode as the laser 210. In FIG. 2B, a laser 230 is used to 
generate a CW unmodulated laser beam 232 and an optical 
modulator 240 is used to modulate the CW laser beam 232 
With the image signals in red, green and blue and to produce 
the modulated beam 112. A signal modulation controller 250 
is used to control the optical modulator 240. For example, an 
acousto-optic modulator or an electro-optic modulator may 
be used as the optical modulator 240. 
[0030] The screen 102 can be passive screens and active 
screens. A passive screen does not emit light but makes light 
of the one or more scanning beams visible to a vieWer by one 

or a combination of mechanisms, such as optical re?ection, 
optical diffusion, optical scattering and optical diffraction. 
For example, a passive screen can re?ect or scatter received 
scanning beam(s) to shoW images. 
[0031] An active screen emits light by absorbing the one or 
more scanning beams and the emitted light forms part of or all 
of the light that forms the displayed images. Such an active 
screen may include one or more ?uorescent materials to emit 
light under optical excitation of the one or more scanning 
beams received by the screen to produce images. The term “a 
?uorescent material” is used here to cover both ?uorescent 
materials and phosphorescent materials. Screens With phos 
phor materials under excitation of one or more scanning 
excitation laser beams are described here as speci?c imple 
mentation examples of optically excited ?uorescent or phos 
phorescent materials in various systems. 
[0032] Various screen designs With ?uorescent materials 
can be used. Screens With phosphor materials under excita 
tion of one or more scanning excitation laser beams are 
described in detail and are used as speci?c implementation 














